1. Mammals are a key target group for conservation biology. Insights into the patterns and timing of and driving forces behind their past extinctions can help us to understand their present situation, and to predict and mitigate their future biodiversity loss. Much research has been focused on the intensely debated megafaunal extinctions at the Pleistocene-2 Holocene transition, whereas the Holocene mammal extinctions have remained less studied.
INTRODUCTION
Species extinctions and changes in the structure of mammalian communities are fundamentally natural processes (Raup 1994) . Such changes occurred at the PleistoceneHolocene transition, when climate and ecosystems in Europe were transformed from a cold environment to the present-day moderate one (Altuna 1999) . These changes in most regions of Europe were characterised by local extinctions or faunal replacements resulting from largescale biogeographical movements (Hewitt 2002 , Schmitt 2007 ). Remarkably similar local or global extinctions also occurred later in the Holocene (Kosintcev 1999 , de Bruyn et al. 2011 ).
This epoch was crucial to the development of the recent mammalian fauna of each European region, and was characterised by significant differences in the species composition of successive stages that witnessed successive losses of mammal species (Bartosiewicz 1999a) .
These extinctions are ascribed to climatic oscillations (Kosintcev 1999) , succession of the communities and ecosystems (Benecke 1999) , direct human impact (Ervynck et al. 1999 , Vigne 1999 or to combinations of these factors (Pushkina & Raia 2008) .
Several studies have dealt with the postglacial development of the mammalian fauna of different regions of Europe (e.g. Altuna 1999 , Benecke 1999 , Ponomarev et al. 2013 . From both archaeological and palaeontological excavations, a large number of Holocene mammal species' occurrences have been recorded. However, reports of the excavated osteological 4 material are typically scattered in diverse sources, published according to the ethnological and cultural context. A synthesis is further hampered by the highly variable quality of the dating.
Until now, no interdisciplinary studies have been carried out on the changes in mammalian communities of the Carpathian Basin, a topographically well-defined unit in Central Europe.
Only the subfossil mammalian records have been evaluated, separately for the individual countries in this geographical region (e.g. Hungary), and all of these studies dealt with either the palaeontological (Kordos 1981) or the archaeozoological records (Vörös 1987a , Bartosiewicz 1999a ).
Here we review the changes in the composition and structure of mammalian communities of the Carpathian Basin that occurred during the Holocene. Using an interdisciplinary approach, we amalgamate for the first time the available subfossil records, from both archaeozoological and palaeontological sources, with the relevant historical records. From the temporal and spatial distribution of locally extinct species, a pattern of two distinct extinction waves emerges. These waves of extinctions are interpreted to be of megafaunal type and may be related to periods of change in human prehistory and history.
METHODS

Study area and scope
Our study area is the Carpathian (or Pannonian) Basin, a well-defined geomorphological and biogeographical unit in Europe (Varga 1995 , Moores & Fairbridge 1997 . Belonging to the drainage basin of the River Danube and situated in Central Europe, it is almost entirely surrounded by the Alps, Carpathian Mountains and Dinaric Alps, making it one of the most geographically isolated regions of Europe. The high degree of isolation has an important effect on the biota of the Carpathian Basin; it harbours high natural biodiversity and is rich in endemic taxa (Varga 1995) . Therefore, the Carpathian Basin is an excellent natural laboratory 5 for investigating the role of natural and human-driven processes in the development of and structural changes in mammalian communities throughout the Holocene.
The scope of this study is restricted to the Holocene, which is now formally defined to start at 11700 calendar years before present (Walker et al. 2009 ). Changes in mammalian communities are considered until 1800 AD, the date commonly (but not equivocally) suggested as the beginning of the Anthropocene (Steffen et al. 2011 ). The Anthropocene is informally used to describe the most recent part of Earth's history, when humans become geological and biological agents for planetary change (Crutzen 2002 , Dirzo et al. 2014 ).
However, here we avoid taking a stand in the debate about the formal introduction of the term Anthropocene. Assessing the impact of the epoch informally called the Anthropocene on mammals (Dirzo et al. 2014 ) is beyond the scope of this study.
The subfossil record and its dating
Data used in this study were gathered from both published and unpublished palaeontological and archaeozoological reports pertaining to the Holocene from Austria, Hungary, Romania, Slovakia and the northern states of the former Yugoslavia (Croatia, Serbia and Slovenia), which share the territory of the Carpathian Basin.
In most cases, records of each species were dated on the basis of their assignment to a sedimentary layer or archaeological culture, assigned to climatic phases (see below). The material originating from palaeontological reports, especially those from existing databases, was critically reviewed previously (Pazonyi 2011) . Precise temporal assignment of a record is best achieved by 14 C dating of single bones. Besides published 14 C dates, some additional, unpublished dates are also used. Nevertheless, not all records could be assigned directly to a climatic phase, as in some cases they were dated inappropriately or inaccurately. In many of these cases, records were dated to cultural epoch and were included in this review. To classify 6 and date the cultural epochs, the chronology of Visy (2003), widely accepted by archaeologists in the Carpathian Basin, was used; this allows any cultural epoch to be referred to a climatic phase. Correlation of chronostratigraphic units, climatic phases and cultural epochs is shown in Fig. 1 .
Chronological terminology and locality mapping
The terminology of climatic phases used here follows Sommer and Benecke (2006) and Sommer et al. (2014) . The climatic phases are defined by pollen zones with age estimates given by Street et al. (2002) . Stratigraphical subdivision of the Holocene to Early, Middle and
Late Holocene sub-epochs follows the suggestion of Walker et al. (2012) .
All the sites studied by palaeontologists or archaeologists were mapped temporally and spatially, and displayed sequentially on digital maps using Geographical Information System methods ( Fig. 2) . Each find is a point on a map, representing the remains of at least one individual mammal from one site.
RESULTS
The rich Holocene subfossil records (Fig. 2) reveal that 11 mammal species, representing nearly 10% of the whole mammalian fauna, disappeared from the Carpathian Basin during the Holocene, and are not represented in its present-day fauna (Fig. 1) .
Steppe pika Ochotona pusilla
During the Pleistocene, the steppe pika occupied vast areas in Eurasia (Fisher & Yalden 2004) , but the postglacial re-establishment of forests restricted the range of the species (Erbajeva 2008) . In the Carpathian Basin, the steppe pika was a common member of the Late Pleistocene fauna and it survived into the Holocene (Kordos 1981 , Pazonyi 2011 .
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Bone remains of the species were found exclusively in cave sediments (Kordos 1978 (Kordos , 1981 ) from 25 sites or layers, from the earliest Holocene until the very end of the Copper Age (Pazonyi 2011 ).
On the basis of fossil remains, molar structure and karyological traits, the steppe pika is often considered to be a relict from the Late Pliocene, a view supported both by mtDNA sequence data (Niu et al. 2004 ) and by its continuous existence in the Carpathian Basin (Pazonyi 2011) . Kordos (1978 Kordos ( , 1981 regarded the steppe pika as a cold-adapted late survivor of the Pleistocene mammoth steppe fauna, suggested that its occurrence in mountainous localities resulted from a shift of habitats forced by a cooling climate, and linked the pika's extinction from the Carpathian Basin to climatic changes. However, the steppe pika is the only species of the family Ochotonidae that avoids mountainous habitats and exists only on flatlands and piedmont grasslands (Erbajeva 2008 , Smith & Johnston 2008 . We consider it unlikely that the steppe pika moved to a mountainous environment in the Carpathian Basin during the Holocene. Pika remains from the cave sediments are the result of accumulation from owl pellets (Kordos 1981) , so it is plausible that steppe pikas originally lived and fell prey to owls in steppes, and only their remains were transported to caves by owls. This view is further supported by the present distribution of the steppe pika in the continental steppes of Central Asia, where aridity exerts more control on its distribution than cool climate (Smith & Johnston 2008) . The geographical range of this species contracted significantly in historical times (Smirnov 1993 , Smith 1994 , and the steppe pika is regarded to be an excellent indicator of the general health of steppe ecosystems (Smith & Johnston 2008) . The species strictly avoids human disturbance (Smith 1994) ; this could account for its absence from the archaeozoological record.
Narrow-headed vole Microtus gregalis
In the Late Pleistocene, the narrow-headed vole was widely distributed over huge territories of Eurasia from Western Europe to East Siberia (Abramson et al. 2006) , and was also common in the Carpathian Basin (Kordos 1981 , Pazonyi 2011 . Due to the formation of a wide taiga zone during the Late Pleistocene-Holocene transition, the species' range became extremely fragmented in the remaining northern (tundra) and southern (steppe and mountain)
segments (Abramson et al. 2006 , Batsaikhan et al. 2008 . Although most European populations of the narrow-headed vole went extinct at the Pleistocene-Holocene boundary, the species survived in the Carpathian Basin until the end of the Middle Holocene (Kordos 1981 , Pazonyi 2011 ).
The spatial and temporal distribution patterns of subfossil narrow-headed vole remains are very similar to those of the steppe pika. All narrow-headed vole finds are from cave sediments (Kordos 1978 (Kordos , 1981 ; the age range of the 23 sites or layers spans from the Early Holocene until the Late Copper Age (Pazonyi 2011 ).
The fragmented range and the morphological variation between the recent populations raise the probability that the narrow-headed vole represents a complex of closely related species (Batsaikhan et al. 2008) . A molecular biological study showed that all isolated geographic populations form highly supported monophyletic groups, though genetic differentiation between the northern and southern populations is significantly smaller than between samples from the south-western and Transbaikal populations (Abramson et al. 2006 ).
Populations of the narrow-headed vole that formerly existed in the Carpathian Basin were probably identical to the recent south-western Asian and Central Asian populations. It is also possible that during the Early and Middle Holocene the distribution of these populations were geographically continuous. The remarkably similar spatial and temporal distribution patterns of the steppe pika and the narrow-headed vole suggest that the same mechanism was responsible for the extinction of both species.
Bobak marmot Marmota bobak
Marmots were present in the Carpathian Basin during the Pleistocene. The remains were identified by different authors as various species: Marmota marmota (Mottl 1936) , Marmota primigenia (Kretzoi 1954) and Marmota bobak (Jánossy 1976) . Although taxonomy remains controversial, it is possible that different marmot species inhabited the Carpathian Basin at the different stages of the Pleistocene. The bobak marmot is known from Hungary from the late Middle and Late Pleistocene (Kretzoi 1954 , Jánossy 1976 and from Transylvania from the Late Pleistocene (Koch 1888) .
From a Neolithic archaeological locality at Legii Hill, at the eastern edge of the Great Hungarian Plain, a single find of a bobak marmot was reported (Jurcsák 1974 , Venczel 2000 .
This subfossil record indicates that bobak marmots survived the Pleistocene-Holocene transition in the Carpathian Basin.
Lion Panthera leo
In the Carpathian Basin, lion remains of Holocene age are known only from the territory of Hungary, from eight localities. Findings are summarised by Vörös (1983) , and recent suggesting that the cave lion had gone extinct in the Late Pleistocene much earlier than modern lions appeared in the Holocene (Vörös 1983 (Vörös , 1987a ).
According to Bartosiewicz (1999a) 
Leopard Panthera pardus
The leopard is well-known and widely distributed in the Late Pleistocene in Europe, but its occurrence and distribution during the Holocene remains uncertain (Sommer & Benecke 2006) . Aside from a Mesolithic specimen from northern Spain (Altuna 1967 ) and a subfossil record from the Colosseum of Rome (De Grossi Mazzorin 1995), Holocene leopard remains are known only from the Ponto-Mediterranean and Balkan regions (Symeonidis et al. 1980 , Zhuralev 1999 ).
The Holocene distribution patterns of leopards and lions are remarkably similar to each other (Sommer & Benecke 2006) , in agreement with the present day distribution of the two big cats: where lions occur (Bauer et al. 2012 ) one can find leopards as well (Henschel et al. 2008 ). However, the geographical range of the leopard is significantly larger than that of the lion; the leopard has more northerly occurrences, and the species has the widest habitat tolerance of all Old World felids (Henschel et al. 2008) . Assuming that the distribution pattern, ecology and biogeography of the two species were similar during the entire Holocene, the leopard's range would have included the Carpathian Basin via the Balkans. Although the only record of the leopard dated to the Late Middle Ages probably represents a piece of imported precious fur (Bartosiewicz 2001) , based on ecological and biogeographical grounds we assume that the species was part of the natural mammalian fauna of the Carpathian Basin.
In Europe, remains of big cats were not found until the end of the 1920s (Gromova 1928) , and they are generally extremely rare in the archaeozoological record (Sommer & Benecke 2006) .
Moreover, remains of large carnivores are quite often misidentified (Vörös 1983 , Bartosiewicz 2001 ).
Wild horse Equus ferus
The wild horse was one of the most common species in the Late Pleistocene ungulate fauna of Eurasia (Kahlke 1999 , Sommer et al. 2011 ). According to Guthrie (2003) , after the disappearance of the mammoth steppe biome at the Pleistocene-Holocene transition, the environment became suboptimal for wild horses. (Sommer et al. 2011) , this assumption seems untenable. Vörös (1994) conclusively proved that the wild horse was a member of the native fauna of the Carpathian Basin during the Early and Middle Holocene.
Although some uncertainties remain due to the problems of morphological distinction of wild and domesticated horses, wild horse finds are known from at least 37 Holocene localities in the Carpathian Basin, from the territory of Austria, Hungary, Romania, Serbia and Slovakia (Vörös 1981 , Bãlãşescu et al. 2003 , Vörös 2005 , Schmitzberger 2009 ).
The number of Late Pleistocene and Holocene wild horse taxa and their phylogenetic relationships are debated. Some researchers believe that only a single species of horse existed throughout Eurasia, and that all the known nominal taxa should be regarded as subspecies or mere regional varieties (Groves 1994 , Grubb 2005 . Others believe that different species of wild horses lived contemporarily (Sokolov 1967 , Groves & Grubb 2011 , and that the European wild horse Equus ferus and the Asian wild horse Equus przewalskii represent distinct species. Horses of the Late Pleistocene and Holocene were diverse in terms of both skeletal morphology (Vörös 1981 , Forsten 1993 , Eisenmann & Baylac 2000 and genetics (Ludwig et al. 2009 , Pruvost et al. 2011 (Pruvost et al. 2011) , and the abundance of horse bones in Copper Age settlements is low, and similar to that of rare wild animals (Bartosiewicz 1999a) . A combination of climatic and anthropogenic effects was suggested to account for the demise of wild horse (Guthrie 2003 , Lorenzen et al. 2011 , Sommer et al. 2011 . However, records from the Carpathian Basin do not support this scenario, as the abundance of horse remains remained steady throughout successive changes of vegetation. In this region, the effect of human activity appears to be more significant, and we assume that the extinction of wild horse populations from the Carpathian Basin happened from 5000 to 4000 before present, when people of the Yamnaya culture settled in Europe (Allentoft et al. 2015) . Wild horses probably became extinct in the Carpathian Basin only around the Copper Age -Bronze Age transition or during the Bronze Age, when large herds of domesticated horses first appeared in the region (Bökönyi 1971a ).
Asiatic wild ass Equus hemionus
Remains referred to as European wild ass Equus hyndruntinus are common at numerous
Pleistocene and Holocene sites across Europe. Holocene finds of wild asses in the Carpathian
Basin are known from a total of 22 sites in Austria, Hungary, Romania, Serbia and Slovakia (Vörös 1981 , Schmitzberger 2009 ). The majority of the localities are in the central part of the Carpathian Basin.
The taxonomy of the species was controversial until recently. Equus hydruntinus shares morphological traits with numerous other species of Old World Pleistocene equids (Forsten 1999) and it is variably classified as a zebra (Davis 1980) , an ass (Gromova 1949) , or a stenonid (Forsten 1999) .
Detailed investigation of two nearly complete crania revealed that
Equus hydruntinus is more closely related to the Asiatic wild ass Equus hemionus than to any other equid (Burke et al. 2003) . Analyses of the mtDNA further support the proximity of (Orlando et al. 2006 , Geigl & Grange 2012 . Based on an osteologic, stratigraphic and zoogeographic survey of wild ass remains in Hungary and Serbia, a similar conclusion was reached, and the bones were identified as a local variant of Equus hemionus (Vörös 1981) . Wild asses of the region probably represent a distinct European subspecies, or one that is endemic to the Carpathian Basin, as proposed by Kretzoi (1968) . 
Equus hydruntinus and Equus hemionus, and now it seems likely that Equus hydruntinus is conspecific with Equus hemionus
Bones of wild asses occur in the Carpathian
European fallow deer Dama dama
The postglacial distribution of the European fallow deer remains uncertain (Sykes et al. 2013 ), but Turkey and Southern Europe are considered glacial refugia for the species (Masseti & Mertzanidou 2008) .
The genus was present in the Carpathian Basin during the last interglacial (Pazonyi et al. 2014) . The earliest Holocene record of the species is from the Late Mesolithic, near the southern edge of the region. Originally identified as an extremely large roe deer Capreolus capreolus buck (Bökönyi 1978) , it was later revised as a fallow deer (Vörös 2005 Bronze Age from the territory of Hungary, Romania and Serbia (Vörös 1987b , El Susi 1991 , Becker 1997 , 1998 , Schwartz 1998 , Becker 1999 , Haimovici 2007 . After a long hiatus, the fallow deer appears again only in the Roman Age and later in the Middle Ages (Vörös 1987a ).
Because of their large size, the Middle Copper Age bones were first identified as Persian fallow deer Dama mesopotamica (Vörös 1987b ), but biogeographical considerations suggest that this identification is erroneous (Rabiei & Saltz 2011) . These bones are clearly larger than the Roman Age and Medieval remains, and exceed the size of recent European fallow deer as well (Németh, Bárány & Csorba, unpublished data), allowing speculation that the specimen belonged to a young red deer Cervus elaphus rather than to a fallow deer (Bartosiewicz 1999a ). However, size variations are both geographically and temporally
controlled. Morphological comparisons proved that fallow deer of the Neolithic and Bronze
Age were substantially larger than the recent European population within the same area (Bökönyi 1971b , Fabiš 2003 , and that a definite size reduction occurred in the Roman Age (Sykes et al. 2013) , suggesting that Romans not only extensively introduced, but also slightly 
Eurasian elk Alces alces
The fossil record reveals that the Eurasian elk was common in the Carpathian Basin Holocene by Rakovec (1956) , but it is likely that most of these sites are in fact Late
Pleistocene (Malez 1972) .
Hungarian archaeozoologists traditionally explain the scarcity of the local elk record by intermittent colonisation (Vörös 2003 (Vörös , 2013 However, in the Early Holocene, the elk's geographical range extended from the Pyrenees to Denmark and from Great Britain to Eastern Europe, and included Central Europe as well (Schmölcke & Zachos 2005) . The southern limit of the elk's range in the Balkan was at 45°N
latitude (Haimovici 2007) , farther south than the southern part of the Carpathian Basin.
Therefore, the elk was probably permanently present in the Carpathian Basin during the Holocene, until its local extinction.
Although no archaeozoological records are known, written sources of information from the Middle Ages frequently mention the species in the region. Albertus Magnus, in his work titled De Animalibus (About the animals; 1258-1262), wrote that elk were well-known animals in the territory of the Hungarian Kingdom, and that many of them lived in the forests of the country. Elk was mentioned as a royal game species in mountainous Transylvania in the 16 th century AD (Bartosiewicz et al. 2010) . On the basis of a comprehensive survey of literature, historical and linguistic data, Szalay (1916) (Szalay 1916) .
Aurochs Bos primigenius
The aurochs was present in the Pleistocene fauna of the Carpathian Basin, primarily during the warmer, interglacial periods (Jánossy & Vörös 1981 , Vörös 1987c , Pazonyi 2011 ).
Its Holocene remains are known from the Mesolithic to the Late Middle Ages from almost every region of the Carpathian Basin.
The species is generally confined to woodland habitats (van Vuure 2005), although subfossil records and isotope analyses indicate that it previously used open habitats throughout Europe (Hall 2008 , Drucker & Bocherens 2009 ).
In the Carpathian Basin, the aurochs is one of the most common species in Early Holocene archaeozoological records. Neolithic and Copper Age assemblages are characterised by high percentages of aurochs bones, whereas by the Bronze Age the percentage of remains attributed to aurochs fell below 5%. Archaeological sites from the Iron Age, Roman Age and Migratory Period yielded only a small number of aurochs bones (Bökönyi 1963 , Bartosiewicz 1999b . From the Middle Ages, only a few sites yielded aurochs remains (Bökönyi 1974) . According to Vörös (1985) , the aurochs became extinct by the 9 th -11 th century AD in the Carpathian Basin (at least in the territory of present-day Hungary), and all Late Medieval and younger remains, artefacts (including drinking horns), and illustrations represent long-horned large domestic cattle, rather than aurochs. However, in the Romanian part of the Carpathian Basin, four localities yielded aurochs remains dated to the 11-13 th century AD (Bejenaru et al. 2013) . A single site from Hungary is also known from this period with aurochs bones (Bökönyi 1974) . Based on differences in size and morphology, subfossil remains from the Carpathian Basin were described as a distinct subspecies, Bison bonasus hungarorum (Kretzoi 1946) . Although this subspecies is less well-known, it has been increasingly widely accepted (Flerov 1979 , Krasinska & Krasinski 2013 , Vlasakker 2014 . Kerley et al. (2012) suggest that woodlands are suboptimal habitats for the European bison, and only the human influence drove this species there; its original habitat is the more open, grassy park forests or forest steppe. In the Carpathian Basin, the bison was forced from the plains to the hilly regions in the 14 th century AD (Hankó 1933) , and by the Late Middle Ages, the Hungarian subspecies was totally extinct (Vörös 2013 (Bökönyi 1974) .
DISCUSSION
Species, ecosystems and conservation aspects
Vast territories in the Carpathian Basin were once covered by open landscapes: dry grasslands (steppe) and forest steppe (Illyés et al. 2007 , Magyari et al. 2010 ). Many of the extinct mammal species, such as the steppe pika, the narrow-headed vole, the bobak marmot, the wild ass and the wild horse, are undoubtedly linked to these habitats. The fallow deer presumably also lived in dry, open, forest-steppe ecosystems, similar to its Mediterranean woodland habitats (Masseti & Mertzanidou 2008 , Rabiei & Saltz 2011 . The lion and the panther, other southern elements of the fauna, may well be connected to these ecosystems too.
Thus, most of the extinct species of the Carpathian Basin, 8 out of 11, once inhabited dry, open habitats. Their extinction caused a major transformation in the mammalian community 20 and undermined the stability of the whole ecosystem, to the extent that some consequences are felt through to the present times.
Marmots and pikas are keystone species in their respective ecosystems (Lai & Smith 2003 , Murdoch et al. 2009 ). In Kazakhstan and Mongolia, where these small steppe mammals or their close relatives still exist, they play an important role in the survival of threatened raptors and small carnivores (Lai & Smith 2003 , Katzner et al. 2005 . These small mammals also play a crucial role in maintaining a diverse plant community through the disturbance they cause. Activity of the steppe pika is key to the seed dispersal of the dwarf Russian almond
Amygdalus nana (Bölöni & Horváth 2012) , and its importance was also considered for other threatened or rare species (A. Molnár, pers. comm.).
The importance of large herbivores in grassland ecosystems is clear, and their role was filled by large domestic animals for a long time in the Carpathian Basin. However, after the extensive land-use change and the regression of pastoralism in most of the region during the 20 th century, the management of grazing became a crucial issue for protected grasslands (Báldi et al. 2005 , Horváth et al. 2009 ). The Carpathian Basin is located at the western edge of the Great Eurasian steppe belt, and the grasslands of this region are much more isolated by the surrounding mountain ranges than those in any other part of the otherwise contiguous Eurasian steppe belt (Illyés et al. 2007 ). These two reasons together have made the Pannonian grassland ecosystems highly vulnerable, meaning that even a small perturbation could lead to significant extinction.
The aurochs and the European bison, usually linked to temperate deciduous forests, are thought to be "refugee species" that originally inhabited mosaic landscapes of grassland and woodland habitats (Kerley et al. 2012) . This is concordant with the wood-pasture hypothesis (Vera 2000 , Vera et al. 2006 (Birks 2005) .
Pattern and causes of extinctions
The temporal distribution of species' extinctions is remarkable: instead of being evenly and randomly distributed throughout the Holocene, they appear to be concentrated during two discrete events of short duration. Furthermore, each of these events is connected to the fate of an ecosystem. Most of the mammal species' extinctions in the steppe and forest-steppe ecosystems took place between 5000 and 4000 before present, around the Copper Age-Bronze Age transition. Later, between the 16 th and 18 th centuries AD, another extinction event occurred, when all the large herbivores that had found refugia in the forests vanished.
Many common features are noted among the mammal species that suffered synchronous regional extinctions in the Carpathian Basin. Most of them are characterised by large body size. All of the largest herbivores of the Carpathian Basin, and all the large carnivores related to grasslands, died out. In addition, all the vulnerable species, such as the elements of the southern mammalian fauna living at the northern limit of their distribution, and those small mammals that are least able to tolerate human disturbance, e.g. the steppe pika (Smith 1994) , became extinct. Taken together, these features are typical of megafauna extinction events, such as the ones that occurred during the latest Pleistocene in continental ecosystems and during the Holocene on islands (Martin & Steadman 1999 , Wroe et al. 2004 . Human 'overkill' is regarded as the main factor in, or at least as a partial reason for, those megafauna extinctions (Alroy 2001 , Wroe et al. 2004 , Turvey & Fritz 2011 
